Objective: to characterize the background, aetiology, clinical course and outcome of community-acquired pneumonia (CAP) in elderly compared with younger patients. Design: a 1 year prospective study. Setting: a university hospital in southern Israel. Participants: ninety-one patients over 65 years who were hospitalized from their homes with CAP. These patients were compared with a reference group of 54 CAP patients, aged 55-64 years. Measurements: an intensive work-up (primarily serological) to identify the aetiological causes of CAP. The age groups were compared in terms of variables related to CAP. Results: the proportion with pneumococcal infection, the most common aetiology for CAP, increased from 29.6% in the 55-64-year group through 45.6% in the 65-74-year group; up to 57.8% in the 75+ group (P = 0.019). Chlamydia pneumoniae was identified as the aetiological agent in 26.4% of elderly patients. Mortality in patients ^ 75 years was 20% and was significantly higher than in the two younger age groups (P = 0.019). The leucocyte count was significantly higher among the elderly group (f = 0.013) and the serum urea concentration was higher in patients 75 years and older (P = 0.025). The proportion of patients treated with antibiotics before admission decreased with increasing age (/* = 0.026). Conclusions: CAP has more serious clinical and abnormal laboratory features in the elderly than younger patients, particularly in those over 75. In independent elderly people, the pneumococcus is the most common causative agent for CAP but other agents, particularly C. pneumoniae, are common. Initial antibiotic treatment for these patients should therefore include a macrolide.
Introduction
Community-acquired pneumonia (CAP) is a common and important infectious disease. In all age groups, patients may require inpatient treatment, but the hospitalization rate is higher in older people [1] .
A survey of the literature published over the last decade on hospitalization of old people with pneumonia reveals that:
1. There are structural and functional alterations in old age which impair the host's defences against pulmonary infection [2] [3] [4] ; 2. As a result of these changes, old age, assessed as an independent variable, increases the relative risk of complications and mortality from pneumonia by a factor of 1.5-2.5 [5] [6] [7] ;
3. The contribution of these changes is small compared with the effect of chronic co-morbidity and malnutrition on the increased rates of morbidity, hospitalization and mortality from pneumonia in older people [8, 9] ; 4. Most studies on hospitalized adult CAP patients do not distinguish between those who live independently at home and those in nursing homes. The pathogenesis of CAP and the morbidity rates are very different in these two populations and should be assessed separately [4, 8] .
In a prospective study of all patients hospitalized with CAP over the course of a year in the Soroka Medical Center, we evaluated the different characteristics of CAP in an elderly population of patients, none of whom was hospitalized from an institute for the chronically ill. The Soroka Medical Center in Beer-Sheva is in a city of 150000 residents in the south of Israel. It serves a population of 300 000 inhabitants of the Negev region, a semi-arid desert area.
Materials and methods
The CAP study These findings are based on data collected during a prospective study of the causes of CAP in 346 adult patients, who were admitted during the year between 1 November 1991 and 31 October 1992. The study was approved by the Israel review board for human research (the Helsinki committee), and all patients gave informed consent.
During their stay in hospital, the patients were diagnosed and treated by the staff of internal medicine wards, without intervention by the investigators. On discharge, patients were referred to the investigators, for clinical and radiological follow-up.
CAP was diagnosed in the presence of an acute febrile disease, with an acute pulmonary infiltrate on chest radiograph, and a clinical and radiological course that confirmed the diagnosis. Exclusion criteria were positive blood tests for HTV, lung malignancy and discharge less than 21 days before their present admission with pneumonia.
Serum samples were obtained within 48 h of admission for serological testing. A second serum sample was obtained usually at the follow-up appointment. All sera were separated immediately and stored at -70°C until tested.
The identification of the causative bacterial pathogens was based on positive blood cultures and/or positive serological tests. In patients with a positive blood or pleural fluid culture, the isolated bacterium was considered to be the causative agent of CAP. Bacterial aetiologies for S. pneumoniae, Hemopbilus influenzae and Moraxella (Branbamella) catarrhalis were also determined by serological testing, which was also used to identify M. pneumoniae, C. pneumoniae, Legionella spp., C. bumetii and six respiratory viruses [influenza A, influenza B, adenovirus, respiratory syncytial virus (RSV), parainfluenza I and parainfluenza 3]. Details of the serological methods used in this study and the criteria for positive serological diagnoses for each of these causative agents have been published previously [10] .
Study population
The 91 patients in the CAP study who were over 65 formed the study population. Forty-six patients were 65-74 and 45 were over 75. The 54 patients from the CAP study aged 55-64 served as a reference group. All 91 elderly patients lived in the community before hospitalization: none was living in an institution. Most patients were independent, a minority being bed-ridden and cared for by the family.
A second (convalescent) serum was obtained from 51 (94.4%), 41 (891%), and 34 (75.6%) of the patients in the 55-64, 65-74 and over 75 age groups, respectively.
Data analysis
The x 2 test was used to determine the significance of differences in discrete variables among the three age groups. Analysis of variance (ANOVA) was used to determine whether the means of continuous variables were significantly different among the three groups. Table 1 compares the two elderly age groups and the reference group by gender, percentage of bed-ridden patients and prevalence of chronic co-morbidity. There were more men in the 75+ age group than in the other two groups, but this difference was not significant. Four of the five patients who were bed-ridden before hospitalization were over 75, but this difference -was not statistically significant. Most of the elderly patients had chronic diseases, including congestive heart failure, chronic obstructing pulmonary disease, diabetes mellitus, chronic renal insufficiency, stroke and cirrhosis. The rate of chronic co-morbidity was similar in both elderly groups, and was not significantly different from the younger group. Table 2 shows the frequency distribution for the aetiologies of CAP in the three age groups. The findings shown in this Table were previously published by us in a paper that described distribution of aetiologies for CAP in all age groups [10] . The only agent with significantly different frequency among all three age groups was S. pneumoniae (P = 0.019) which was more frequent with advancing years. M. pneumoniae was significantly prevalent at a rate of 130% in the 65-74 age group with a sharp decrease to 4.4% in patients above the age of 75. This difference was not statistically significant because of the small number of patients involved. C. pneumoniae was detected in about onequarter of the patients in each of the three groups. There was a notable rate of infection with respiratory viruses and Legionella spp. but no difference in prevalence between the three groups. Gram-negative bacilli and S. aureus were very rarely found.
Results
The number of aetiological agents detected in each patient are shown at the bottom of Table 2 . There were no differences between the groups in the number of patients with unknown aetiology, or among those with one or more than one aetiological agent. Table 3 presents comparisons of patients' complaints, their pre-admission condition, the rate of bacteraemia, the need for mechanical ventilation and mortality. The four principal respiratory complaints, i.e. shortness of breath, cough, sputum production and pleuritic pain, were similar among the three groups, as were the rates of haemodynamic instability. Changes in level of consciousness, and rates of bacteraemia and mechanical ventilation were higher in the two elderly patient groups than in the youngest group. Mortality rates •were significantly higher among patients 75+, in whom a mortality rate of 20% was observed, than among patients aged 65-74 (f = 0.019). Table 4 shows the results of laboratory tests. Rates of hypoxaemia on ambient oxygen were similar in the three groups. The leucocyte count was higher among the two older groups (/* = 0.013). Serum glutamic oxaloacetic transaminase (aspartate aminotransferase) levels were higher among patients in the oldest age group compared with the two younger groups, but the difference did not reach statistical significance. Serum urea concentrations were higher in the most elderly group (/* = 0.025). Serum creatinine concentrations were higher in the oldest age group, but this was not significant.
The radiological manifestations of CAP were analysed in terms of the nature of the infiltrate (homogeneous, patchy, interstitial) and its extent (unilobar or multilobar). No differences were found between the groups. Table 5 shows the duration of hospitalization, the length of illness before admission and the percentage of patients treated with antibiotics before hospitalization. There was no difference in length of hospital stay between the groups. However, a non-significant increase in length of hospital stay was observed between the younger reference group and patients aged 65-74. The shorter time in hospital in the 75+ group is probably related to the high mortality rate (20%) in this group, since most deaths occurred shortly after admission. The length of illness before hospitalization was similar. The percentage of patients treated with antibiotics pre-admission was inversely related to age (f = 0.026). During their hospital stay most patients were treated with second-generation cephalosporins, a minority being treated with erythromycin or a combination of these antibiotics. No significant differences were found in the choice of antibiotic therapy during hospitalization in the three groups.
Discussion
This paper describes the sub-group of elderly patients which constituted approximately 25% of a larger study on adults hospitalized with CAP. The study involved a broad spectrum of serological tests, including some which are not yet in routine use. The aetiological aspects of the complete CAP study have been analysed and described by us in a paper that was devoted to this issue [10] . We studied 91 elderly patients, determining not only the aetiology of CAP, but also patient characteristics before, during and after hospitalization.
A unique feature of this stud)' population was that all were admitted from home and not from institutional care. In addition, only five patients were bed-ridden and even they were treated in their homes before going into hospital. Although most elderly people live at home, very few studies on CAP have investigated these patients [4, 8] . The presence of chronic co-morbidity in most of the CAP patients in our study is compatible with the contention that an important risk factor for pneumonia in elderly people is the prevalence of other illnesses [8, 9, 11] . The prevalence of co-morbidity in our study (approximately 60%) is lower than the prevalences of 86% and 91% described in previous studies [11, 12] .
S. pneumoniae was the most common aetiological agent for CAP. It was more prevalent in the elderly group than in the younger group, and its prevalence increased from the 65-74 group to the 75+ group. Despite the gradual, but significant increase in percentage of pneumococcal infections among the three groups, one cannot conclude that the prevalence of this aetiology increases with age. This is due to the high prevalence of pneumococcal aetiology in the younger age groups-41% in the 17-44-year group and 49% in the 45-54-year group [10] . The second most common infective agent was C. pneumoniae, which was identified in 26.4% of the elderly subjects. M. pneumoniae, Legionella spp. and respiratory viruses were found with low, but significant, frequencies, which were similar in the elderly and the younger groups. The rates of CAP caused by Gram-negative bacilli and S. aureus were minimal.
The increasing prevalence of pneumococcal pneumonia and its predominance in elderly patients has been described previously [12] [13] [14] [15] , but the identification of C. pneumoniae as the causative agent in 26.4% of cases has not been reported. Marrie et at. found this aetiology in 6% of elderly patients in their series [16] whereas Fang et al. reported this to be a common causative agent in older adults [ 17] . We assume that the high detection rate of C. pneumoniae infection in our series relates to local geographical factors, the intensive serological work-up and the high proportion of convalescent sera examined. The issue of diagnostic criteria for the serological diagnosis of acute infection with C. pneumoniae is controversial. We chose to adopt those proposed by Ekman et al. [18] , since our testing methods were identical to theirs. This choice of criteria may explain, at least in part, the high proportion of infections with C. pneumoniae in our series. The frequency of Legionella spp. aetiology is within previously reported ranges [3, 19] . The minimal rate of Gram-negative bacilli infections among old people in our study is consistent with the view that Gram-negative bacilli cause CAP in bed-ridden or chronically ill patients with severe illness [8] and that this aetiology is rare in independent elderly individuals.
Our serological testing enabled us to establish the aetiology in over 80% of elderly patients, much higher than the 45% reported in a previous study [16] . We believe that this comprehensive serological testing explains the high number of patients (more than onethird) in whom more than one causative agent was identified. This supports the contention of Mylotte et al [20] that pneumonia caused by mixed flora (defined as two or more respiratory pathogens) occurs frequently in the elderly and is often undiagnosed.
Changes in consciousness which accompany CAP are common in elderly patients [8, 11, 12, 16, 21, 22] . We found that this condition was more frequent in older than in younger patients. However, our observed frequencies are lower than those previously reported, confirming the view that there is less change in consciousness in independent elderly patients than in dependent patients [16] . Rates for bacteraemia and mechanical ventilation are also higher in the elderly groups. However, the absolute rates for bacteraemia were lower than those reported in other studies [12, 23, 24] , which is also related to the characteristics of our study population. Mortality rates for elderly patients hospitalized with CAP in previous reports range from 6 to 40% [11, 25] . We observed a steep and significant increase in mortality rates with age. Twenty percent of the 75+ patients died, compared with 4.3% in the 65-74 age group. Mortality rates in the two younger groups were similar. Our findings do not support the arguments (i) that age per se is not an independent predictor of mortality, and (ii) that mortality rates in old age are associated with the prevalence of co-morbidity [4, 25] . There were more deaths in the 75+ group, although this group had similar co-morbidity.
Elevated white blood cell counts in elderly people [3, 11, 6] , may be caused by the increased rate of pneumococcal infection in old age. The hepatic impairment (reflected in elevated serum SGOT concentrations) and the impaired renal function were more severe in the 75+ age group compared to the younger groups. This may suggest a more severe systemic infection in this age group. This systemic manifestation of illness was not reflected in different degrees of hypoxaemia, which was similar in the three groups.
The elevated serum urea concentrations in patients over 75, together with the high mortality rate in this group, is interesting and might support the belief that serum urea is an important prognostic factor in patients with CAP. To evaluate this, we measured the serum urea concentrations in the 36 survivors in the 75+ group on discharge and compared them with those of survivors in the two younger groups. In all three groups, the urea concentrations were lower at discharge than on admission, but in the 75+ group the discharge mean urea concentration did not return to normal, and was significantly higher than in the two younger age groups. This high concentration of serum urea on discharge questions the usefulness of this measure as a negative prognostic factor in elderly patients.
There was an inverse relationship between the number of patients treated with antibiotics before admission and age. One explanation might be that the older patients were hospitalized earlier in their illness, but we found no difference in duration of illness before hospitalization.
The high rate of infection with C. pneumoniae and the significant rates for Legionella spp. and M. pneumoniae, especially in patients aged 65-74 years, have important implications for recommendations for antibiotic therapy for elderly patients hospitalized with CAP in our region. In contrast to the guidelines for the initial management of CAP published by the American Thoracic Society [26], we believe that inclusion of a macrolide antibiotic in the treatment of elderly patients in our region is mandatory to cover these three pathogens. Given the extremely low rate of infection with Gram-negative bacilli in independent elderly patients •with CAP, we suggest that antibiotic preparations for this indication should be prescribed only for patients with serious illness.
We conclude that CAP has more severe clinical manifestations and laboratory abnormalities in elderly than in younger patients. The prevalence of pneumococcal infections is high in independent elderly patients, as are other infective agents, including C. pneumoniae. The initial antibiotic regime in these patients should therefore include a macrolide preparation.
Key points
• Community-acquired pneumonia has more marked clinical manifestations and laboratory abnormalities in older patients, particularly in those aged 75 and over.
• C. pneumoniae infection is common in independent elderly patients so the initial antibiotic regimen should include a macrolide preparation.
